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to say that so far as our present knowledge extends the metamorphoses of 
the Phyllopods into the two great branches of the barnacles were essentially 
contemporaneous. 

REFRACTIVE INDEX AND SOLUBILITIES OF THE NITRATES 
OF LEAD ISOTOPES 

BY THEODORE W. RICHARDS AND WALTER C. SCIHUMB' 

WOLCOTT GIBBS MEMORIAL LABORATORY, HARVARD UNIVERSITY 

Communicated October 31, 1918 

The refractive index of the nitrate of pure common lead was compared very 
carefully with that of the nitrate of uraniolead prepared from the Australian 
material already mentioned in previous reports. The two samples of ni- 
trates were separately recrystallized with care, and finely developed crystals 
were measured in the Abbe-Zeiss total-reflecting crystal refractometer. A 
solution of sulphur in methylene iodide having a refractive index of 1.79 was 
used as the contact liquid, and very careful measurements were made of many 

crystals in varying positions. The refractometer was standardized by means 
of a polished glass prism possessing an exactly known refractive index which 
could be verified by the method of minimum deviation. The refractive in- 
dex of common lead nitrate at 20? was found to be 1.7815, and that of the 
uraniolead nitrate was found to be 1.7814-each value being a mean of many 
concordant determinations. Thus the difference in atomic weight shown by 
the two specimens of lead (the atomic weights are respectively 207.20 and 

206.41) has no appreciable effect on the refractive index of the salt-a highly 
interesting and newly discovered fact. 

The two specimens of lead nitrate which had been purified (crystals of which 
had been used in the preceding investigation) were further investigated with 

great care as to solubility, using a method recently described,2 with small but 
convenient improvements. Greater difficulty was found in obtaining an 

exactly saturated solution than was the case with sodium sulphate, at least 

twenty-four hours at perfectly constant temperature being needed in order 
to obtain constant results. The weighed portions of solution saturated at 
25.02? were evaporated with excess of sulphuric acid and the sulphate was 

gently heated at 350? until constant in weight. Four such determinations 
with ordinary lead nitrate gave values from 37.33 to 37.36 (average 37.342) 

grams of nitrate in 100 grams of solution, and nine determinations with 
uraniolead nitrate gave values from 37.26 to 37.30 (average 37.280) grams of 
nitrate in 100 grams of solution. These results are precisely proportional 
(within the limit of error of experiment) to the different molecular weights 
of the two samples of nitrate. Expressed in other terms, the molal solubilities 
of the two samples per thousand grams of water are respectively 1.7993 for 
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common lead nitrate and 1.7991 for uraniolead nitrate. The outcome of this 

work, then, by finding no appreciable difference in the molal solubility of the 
different samples of lead nitrate containing isotopes of widely different atomic 

weights, confirms earlier work upon other properties of these interesting sub- 
stances. Evidently weight (or mass) is the 'prime distinguishing feature of 
the two kinds of lead here studied, as it was in other cases. This work and that 
described in the preceding section thus afford further support for the hy- 
pothesis due to Russell, Fleck, Soddy and Fajans. 

1 This paper and the two following are taken from an abbreviated version of a report to 
the Carnegie Institution of Washington (which generously subsidized the investigations) 
presented in August, 1918. 

2 Richards and Yngve, J. Amer. Chem. Soc., Easton, Pa., 40, 1918, (164). 

THE PURIFICATION BY SUBLIMATION AND THE ANALYSIS 
OF GALLIUM CHLORIDE 

BY THEODORE W. RICHARDS, W. M. CRAIG, AND J. SAMESHIMA 

WOLCOTT GIBBS MEMORIAL LABORATORY, HARVARD UNIVERSITY 

Communicated, October 31, 1918 

A new method for the purification of gallium salts was worked out in some 
detail. This rests upon the convenient fact that gallium trichloride sublimes 
and distils at a low t\emperature, whereas the other chlorides likely to be 
associated with it are much less volatile. The method rested, therefore, 
upon fractional distillation and sublimation, at first in a stream of chlorine 
and afterwards in a vacuum, of impure gallium chloride.l The apparatus 
was a complex affair, in which gallium could be first burned in pure dry chlorine 
and then subjected to distillation either first in pure chlorine, then in nitro- 

gen, and finally in a vacuum, the whole apparatus being fused together without 
rubber connections and scrupulously dried. In order to avoid the use even 
of ground joints (with their attendant alternative danger of leakage or con- 
tamination from lubricant) the gas connections were opened by means of 
sealed magnetic hammers acting on enclosed capillaries, and closed by fusion 
of the glass connections. The gallium was provided through the great kind- 
ness of Mr. F. G. McCutcheon of the Bartlesville Zinc Company, Blackwell, 
Oklahoma, to whom grateful thanks are due. Three successive distillations 
of the trichloride of gallium were made in chlorine at 220? to 230?C., three 
more at about 175? (the melting point of gallium dichloride), three in nitrogen 
at 90? to 110?, and five sublimations in vacuo at 65? to 80?--fourteen in all. 
Distillation in nitrogen or in vacuo is needful to eliminate dissolved chlorine. 
The resulting product showed no trace of any other substance in its spark 
spectrum when examined with great care in a Ililger wave length spectrom- 
eter. Although this study did not reach a final stage, and much more 
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